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Titlei of the Invention: | 
Method for growing crystals by using silicon nitride 
and method for manufacturing components to be used for 
the fcame. 



s comprising 



2 . Claims : 

; 

(1) j A method for growing silicon crystal; 
the steps; of providing a crucible 11 composed substantially of 
silicon nitride, providing a liquid phase silicon melt into 
said crucible 11 thereby to give a seed, and pilling up a 
silicon cirystal from said melt. 



(2) 



A method as described in claim 1, wherein in said 



method thp steps of giving the seed and pullinj up the silicon 
crystal ajre carried out in a chamber to be an 
(3) !a method as described in claim 2, wh 



method skid enclosing chamber includes an atitiDsphere not 
containing oxygen. 

(4) | A method as described in claim 2, wherein in said 
method s[aid enclosing chamber does not include graphite 



nclosing body, 
srein in said 



(5) ; A method as described in claim 2, wherein in said 
method said enclosing chamber includes a gas selected from 
the group | consisting of nitrogen or ammonium forming a gas 
or N2O. 

(6) I A method as described in claim 2, wherein in said 

i 

method thf atmospheric pressure, in said chamber is not higher 
than 1 toir. 

(7) :A method as described in claim 1, wherein in said 
method said silicon nitride crucible 11 contains 0.01 atomic 
percent or less impurities. 

(8) |A method as described in claim 1, wherein in said 
method said silicon nitride crucible 11 contains 0.0001 
atomic peircent or less impurities. 

(9) \a method as described in claim 1, wherein in said 
method said silicon nitride crucible 11 contains 0 . 00001 
atomic percent or less impurities. 

(10) j A method for manufacturing silicon nitride compo- 
nents including the steps: 

providing high-purity silicon particles, 

I ' ■ 

moulding said silicon particles by cold press moulding 

into a defeired form, 

bakihg said desired form by heating said particles up to 

a first temperature in a inert atmosphere during a first 

period, ajid 

positioning said container in a nitrogen-containing 
atmosphere, raising the atmosphere temperature up to a second 
temperature point over a desired period of time, and maintain- 
ing the t^mperaturie at. said second one during a second period. 
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(11) : a method as described in claim 10, wherein in said 
method said second temperature point is not lower than 1,410°C, 

(12) •: A method as described in claim 10, wherein the 
first period for carrying said baking is at least 12 hours. 

(13) ; A method as described in claim 10, wherein the 
first temperature of effecting said baking is 1,200°C. 

: i 

(14) ; A method as described in claim 10, wherein said 
period ofi raising the temperature up to the second one is at 
least 2 0 hours. 

(15) | A method as described in claim 10, wherein the 
second pepciod for maintaining said second temperature is at 
least 2 0 hours. 

(16) ; A metho:d as described in claim 10, wherein said 

i 

silicon plarticles are composed of silicon and contain 0.01 
atomic percent or less impurities. 

(17) ; A method as described in claim 10, wherein said 
silicon pjarticles :include a polymer based on silicon. 

(18) : A method as described in claim 10, wehrein said 
silicon particles contain 50 weight percent or more parti- 
cles of a grain size of 50.8 microns m. 

(19) | A method as described in claim 17, wherein said 

i ; 

polymer is composed of one represented principally by the 
formula giClH x (wherein 1 1 0 5 * 5 5 0 ) 



I 



3. Detailed Description o;f the Invention: 
BACKGROUND OF THE, INVENTION 

Thi^ invention relates to a method for growing crystals 
of high-purity materials. = 

As the present custom 1 in the business circles of manu- 
facturing semiconductors single crystal silicon is grown in 
such a manner that an molten article is retained in a quartz 
liner lajd in a graphite cjrucible, and a crystal growing 
seed is given to pull up sjaid article. Such an apparatus is 
a general one but : it has cjritical drawbacks. If a high 
temperature required is applied quartz reacts with the gra- 
phite crucible to! produce barbon monoxide which melts into 
the melt, To settle this problem as much as possible, which 
is caused by the tontact between carbon and oxygen, it is 
tried to ; cover the graphite crucible or the quartz liner 
with silicon nitride, but the success is limited to a very 
narrow range. It' was alsoj tried to use a crucible of silicon 
nitride sintered or presse : d at high temperature, but it was 
not effective, Ohe of the! failures in such trials of solv- 
ing the problems is that if the steps required for the 
formation are added the melt becomes likely to be mixed with 
impurities. Another drawback in the case of using a crucible 

clad with oxides is that the clad article is cracked or the 

I i j 

cladding : power is: reduced while being manufactured or used. 

According to; the first feature of the invention there is 

j. ; I 

provided; a silicon nitride! crucible having high strength and 
density, j which is; made of high-purity and high-grade semi- 



conductor^ silicon 



i i 

and which is provided with all the chemical 



properties possessed by the silicon. Such a high-purity 



crucible; is needed to grow high-purity silicon by pulling up 

a growing crystal; from thej melt. According to the second 

; . ! i 

feature cj>f the invention, -the whole graphite used for heating 

the crucible is removed from the chamber of pulling up the 

crystal £nd the heating isj effected by induction. According 

to the tftird feature of the invention, there is provided a 

method f<j>r forming a high-purity silicon nitride crucible. 

| i 

Further, I the fourth featurje of the invention is use high- 
purity silicon foj: the insjulating material of the silicon 
nitride Crucible.! Furthermore, the fifth feature of the 
inventioijL is use a nitrogen-containing gas as the purifying 



gas of tljte chamber that carries out the growing for crystal 

i i j 

pulling. The new! crystal growing step is carried out by 

! ' 

various ijiethods of modifying part of the materials consti- 

i j 

tuting tlie system! 

i | i 

The^merit of! the presbnt invention is that it is capable 

of growing a single crystajl of high-purity silicon which does 

! i 

not contain a great amount! of impurities but nitrogen. Another 

principal merit of the invention is that the nitroben in the 

! j . i 

crystal grown is uniformly! distributed because of the limita- 
tion of solubility of a solid. 

; i 

Thelmethod for forming a crucible is started first with 
use of high-purity siliconj. This high-purity silicon is made 

j i ! 

preferably in a fluidized bed reactor. Said material is 



characterized in that it hjas a spherical shape and its parti- 
cle size j is limited to several milimeters. This silicon is 
initially crushed j between silicon nitride plates. By using 

the particles thus made tha remaining space of a clean rubber 

i 1 • 

bag- internally haying a mahdrel of a profile matching with 
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i ! i 

the inside dimension of the crucible is filled with the parti- 
cles, order tjo prepare a crucible profile with such strengh 
as to bej able to jeasily operate by using suitable gloves to 



retain a purity fcjy nature, the crucible is moulded by known 

: i 

balanced pressing! . The pressing period need not be strict, 

j j 

but to dompress the silicon with a ddnsity in the range of 65 
to 75% otf the theoretical -X-ray density of silicon such as 

■a 

2.33 g/am°, the irregularity of the particle size brings about 

j 

an important problem. Then, the silicon crucible is sintered 

. i 

in an rnlert gas and it is bonded in a known silicon nitride 
reactor thereby forming a silicon nitride with high strength 
and highi density Iwhile having almost all purity characteristics 

: j ' 

possessed by high-grade silicon. Such silicon is used only as 

a solid constitution. Such crucible can be used as one in 

which sitngle crystal silicon of further high purity has grown. 

Still another me:qit of the silicon nitride is that it can be 

used insltead of a! quartz crucible in current use for other 

semiconductors s\ich as of gallium-arsenic or cadmium-tellrium 

: j i 

and gerrrtanium or for the growth metallic srystals. It is 

: i 

possible: to form |by this method even liquid treating apparatus 

; j • 

or pipirig system of self-indicating type, the crucible can be 
used at *..-.; a temperature far higher than the temperature used 
when conventionally quartz is used. Further, the crucible 
moulded Iby this technique can save the cost of cosly high- 

i ■ 

purity sjilicon employed for the synthesis of a crucible, and 



it is re 



-usable. 



PREFERABLE EXAMPLES 



S 

The! method c 



f manufacturing a crucible composed of high- 



purity njitrides according to the invention is initiated with - 



- 7 - 



use of high-purity silicon nitride. It is unnecessary that 
the silicon to be used has a purity in the same extent as 
required. for practical semiconductor device, and the silicon 
may be all right if suitably close to the value judged to be 
of impurity level in manufacturing the semiconductor device. 
That is, though silicon deemed to be unusable in the semi- 
conductor procedure is properly usable in the present 
invention, the level of all the metallic impurities of 
silicon In use is preferably 0.01 atomic percent or less, in 
an applicable example not needing a purity of maximum level 
it is possible to use, as a material source of silicon, the 
remaining loss portion after use of necessary portion. However, 
the remaining loss portion has impurities due to which said 
loss portion is not so suitable for the manufacture of crucibles. 
Preferable silicon for use is one moulded in a fluidized bed 
reactor. In the fluidized bed reactor the fluidization is 
carried Out in a drawing-in tube, so that the silicon fine 
particles are suspended in a hydrogen gas stream while being 
cooled. Such a reactor is described i;n U.S. P. No. 4213937. 
This is shown for reference in this specification. Attention 
should be! paid to the point where if said reactor is operated 
without causing fluidization in the pulling-up tube a polymer 
desirable, in carrying out the invention is not formed. How- 
ever, in base the silicon material used does not includes a 

i 

polymer, it is possible to easily include a polymer forming 
step in tire preliminary step. in such preliminary step, the 
initiating silicon material not including a polymer is heated 

300 °C and 700 °C in an atmosphere 
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including both hydrogen and chlorine. For example, in using 
HC1 atmosphere to. be atmospheric pressure a mixed gas con- 
taining 4 small amount of hydrochloric acid (, such as 2% 
hydrochloric acid and 981 water). 

It should also be noticed that it is not strictly re- 
quired.. to .include- a .polymer in the material. If a polymer is 
included | in the material it is considered it is useful for 
both the ibalancing pressing step of the components to be 
moulded and the step of making the small-sizing silicon com- 
ponents riitride. However, for any of said steps a polymer 
need not [be necessarily included. The conveniently usable 

material j includes : a polymer of the type represented by the 

j 

formula (jsiCHl) x (wherein x is a value included in the range 
between Q and 50). These polymers are present only in the 
surface qf the particles deposited from the fluidized bed 
reactor , land the concentration of the polymer in the material 
to be used varies depending on the number and shape of the 
particles. However, the material suited for use is in the 
CI range 45-I55 mil {1.143 mm to 1.3 97 mm) in the size of the 

particles before crushing, and it includes a polymer of about 
1%. j 

Attention should be paid to the point that the impurities 
introduced by including a polymer in the particles are limited 
only to hydrogen and chlorine that are comparatively less 
. harmful. 

The second important feature of the initiating silicon 
material employed: in carrying out the invention concerns 

irregularity of the particle size. Inclusion of small parti- 

j 

cles at hjigh concentration means that components of high 
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density kre moulded in the initial balancing pressing step, 
and therefore preferably the particles are to be of great 
irregularity. The following is the distribution of the size 
of the crushed silicon particles, which is considered to 
bring about a satisfactory result. That is, the crushed 
silicon includes j4. 746g in-totality of the particles whose 
particle ! size is jnot greater than 6.9 mil (175.26 microns m) , 
the particulars ojf which are such that the particles from 
1.5 to 1J7 mil (3JB.1 to 43.18 microns m) are 0. 338g, the 
particles from l.j? to 2.1 mil (43.18 to 53.34 microns m) are 
1. 698g, l^he particles from 2.1 to 2.4 mil (53.34 to 60.96 
microns rt) are 0.872g, the particles from 2.4 to 2.9 mil 

i | 

(60.96 tcj 73.66 microns m) are 0.712g, the particles from 
2.9 to 3.|5 mil C 6 j) . 9 6 to 88.9 microns mj are 1.332g, the 
particle^ from 3.j> to 4.1 mil (88.9 to 104.14 microns m) are 
0. 345g, a;nd the particles from 4.1 to 6.9 mil (104.14 to 
175.26 microns m) j are 1.619g, and the silicon includes, besides 
said partiicles, pirticles greater than 6.9 mil (175.26 microns m) 
by 0.331g in totality. This example is effective for carrying 
out the present invention, but such an example (where there are 
no particp.es greater than 2 1/2 mil (63.5 microns m) in which 
the partible size is slightly greater and has not too much 
irregularity, is considered also to be preferable. 

Preferably, the powder used in the balancing moulding step 
is prepared by crushing the silicon particles which are moulded 
between two flat plates of silicon nitride and which are grown 

i | 

in a sphejrical fluidized bed reactor. Therefore, the particles 



for practical use 



rugged in i shape. 



in the moulding step are very angular and 
Even such shape is useful for adhesive power 



- 10 - 

during tibe pressing step as well as for the step of making 
the sililcon nitride. 

That the particle size is concerned with an adhesive 
power is because that during te balancing, pressing step and 
the sintlering step thereafter the local bonding pressure 
applied to the point where, the apexes of the fine particles 
contact destroys the bxide on the surface, and therefore the 
oxide partially melts; so as to be well adhered. 

The; granular silicon is packed in a . clean rubber bag. 

j ■ 

Afterwards the bag is evacuated and sealed. Then, the silicon 
is treated under 25,0;00 psi, the mould is removed, and the 
moulded (silicon is machined by a silicon-made tool thereby 
bringing said moulded silicon close to the profile of a desired 
crucible. Then, the crucible is sintered being exposed for 24 
hours in an argon gas : atmosphere at l r 200°C. Argon gas can be 
replaced; by nitrogen gas, and using a period of time of 4 0 
hours or more th<£ temperature is slowly raised with step 
function 1 until the temperature becomes higher than the melting 
point of the silicon. Thereupon the temperature is stabilized 
and it ijs mainta:.ned ;at that temperature for the period of 40 
hours. thereby it is possible to mould a crucible bonded by 
a reactiion of high parity and high stength, said crucible being 
capable jof re-use. By using this method various models of 
containers can be moulded, and said containers can be used 

i 

i ; 

at highefc temperatures compared with those manufactured accord- 

i 

mg to khown technique. The above steps of preparing silicon 
nitride bomponents having desired shapes are applicable not 
only to the crucibles used for growing high-purity materials 
but effebtive alio far forming components generally requiring 



high strength. Particularly, said steps are suitably used 
in the application field of gas turbine (for example, rotary 
blade) or cutting bite for machining tool. In this field 
there can be utilized! high strength, endurability , heat 
resistaney, and high rate strength to weight, said utiliza- 
tion beeoming possible by the components of the silicon 
nitride Moulded by the invention. That is, preferably the 
specially-made high-purity silicon containing a considerable 
amount of a silicon chloride polymer is. cold pressed and 

approaches approximately a desired shape. After the sinter- 

i 

ing at about intermedjiate temperature the components are 
bonded under a reaction being heated for at least 6 hours 
(preferably 24 hours) in a. nitrogen gas atmosphere. In this 
step it is unnecessary to introduce oxides (such as yttria r 
alumina, berylliutm oxide or magnesium oxide), said intro- 

ally; effected in the bonding of the sintered 
icon! nitride in conventional technique. How- 



duction being usu 
components of sil 



method i£ far les 



ever, the quantity of. the impurities used in the present 



s inj value than 1% (of bonded oxides) used 



in conventional technique, but generally it is not necessary 



that the; quantity 
concentration to 
silicon.; However 
strength; so that 



be noticed that s 



of the impurities is contained in a low 
an extent possessed by rejected semiconductor 
, thp silicon nitride in itself has high 
no specific merit will be produced even if 



impurities with frurther addition are introduced. It must also 



phases o£ alpha phase 



ilicon nitride is a mixture usually of two 



is known! that it 
phase veirsus beta 



pha 



and beta (high temperature) phase. It 



is capable of altering the balance of alpha 



se of the oxide components by subjecting 



the silicon nitride to a high temperature treating step and 
placing it in an active oxygen gas atmosphere, but it is not 
known th&t even the mixture of the alpha phase and the beta 
phase is very important. It is known, too, that hydrogen 
is introduced into the reaction bonding gas, and in some 
cases preferable chemical properties are produced, and even 
a mixture of a reaction gas with hydrogen can be used for 



carrying out all 
it is known that 
of each phase of 
about is ■ unknown , 



the Examples of the present invention. Though 
even mixed gas of hydrogen affects the ratio 
the silicon nitride, but the theory there- 
either. 

Again attention should be paid to the point that the 
silicon iitride components manufactured according to the 

have only about 85% density of solid silicon 
engine parts manufactured according to known 



above method may 
nitride. : In the 



technique the strength was not sufficient with the oxides of 



about 85% density 
according to the 



is quite : suitable 



However in the nitride material sintered 
invention and having a high strength it is 



considered that with 85% density it has a higher strength and 



for turbine blades and other applications 



required; for standing against high temperature and pressure. 

bp sili 



Compared witp silicon nitride conventionally sintered, 
which is .considered to form a binder where low temperature 

bonds fine crystals of silicon nitride to 
tarial formed according to the present inven- 



oxysilic^Lte glass 

I 

a single* the mat 



tion is ]j:nown as one not bonded by such glass. However, the 

i < 

tight bonding mec nanism induced by the invention is not known 
correctljf. It is considered that silicon dioxide or silicon 
oxynitride (such as Si 2 N 2 0) acts as binder to bind the ;•. 



the silicon nitride to a high temperature treating step and 
placing it in an active oxygen gas atmosphere, but it is not 
known that even the mixture of the alpha phase and the beta 
phase is very important. It is known, too, .that hydrogen 
is introduced into the reaction bonding gas, and in some 

chemical properties are produced f and even 
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cases preferable 



a mixture of a reaction gas with hydrogen can be used for 



carrying out all 
it is known that 
of each phase of 
about is ■ unknown, 



above method may 
nitride. ; In the 



about 85% density 
according to the 



the Examples of the present invention. Though 
even mixed gas of hydrogen affects the ratio 
the silicon nitride, but the theory there- 
either . 

Again attention should be paid to the point that the 
silicon Nitride components manufactured according to the 

have only about 85% density of solid silicon 
engine parts manufactured according to known 



technique the strength was not sufficient with the oxides of 



However, in the nitride material sintered 
invention and having a high strength it is 



considered that with 85% density it has a higher strength and 
is quite ; suitable for turbine blades and other applications 
required! for standing against high temperature and pressure. 
Compared witb silicon nitride conventionally sintered, 
sd to form a binder where low temperature 
bonds fine crystals of silicon nitride to 
aria! formed according to the present inven- 
3ne not bonded by such glass. However, the 



which is ^consider 
oxysilicdite glass 

i 

a single 4 the mat 

i 

tion is ]j:nown as 



tight bonding mec nanism induced by the invention^ is not known 

correctl^. It is considered that silicon dioxide or silicon 

i 

oxynitride (such as Si 2 N 2 0) acts as binder to bind the ^-...'.i 



a viscosity equive: 
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I 

needle-like pointed fine crystals of silicon nitride to a 



single. jConventicmally used binder of oxysilicate glass has 

=lent to quartz, and therefore the strength 



invention ^ enables 
pulling ujp silicon 
steps of iemoving 
using usually a qu 



in the combined glass region in the sintered nitride parts 
is lowered under Ugh temperature, which is to be noted. 
Believably, therefore, the nitride components formed according 
to the inj/ention clearly has an excellent strength under high 
temperature. 

The silicon nitride crucible| moulded according to the 

it to carry out 1 a more advanced method for 

crystals. The, present method provides 
contamination by carbon, which is caused by 
Jartz line or a graphite crucible. In case 
it is desired to carry out a pulling-up method of crystals 
selectively so that oxygen may not melt in, the present in- 
vention ajso proviies a method for growing silicon crystals 
having nojoxygen. in almost all aspects of melting point, 
pulling-ujj speed, melting direction, seed direction and the 
like the pulling method of crystals according to the invention 
quire agrees with :he CZ method to be known technique. However, 
the important differences reside firstly in the crucible itself 
and secondly in possible selection of. using an atmosphere not 
containingj oxv 9en. 

The kjnown crucible illustrated in Fig. 1 is composed 
typically of a graphite support body 1 in which a quartz liner 
2 is positioned. L said device a silicon melt 3 can be 

i 

maintained at a temperature necessary for the crystal growth. 
The silicoln prepared by said device has a drawback of involving 

These impurities have principally two 



impurities! therein 



generating source 
liner passes thro 
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One of them is that since the quartz 
agh beneath the melt the impurities staying 



in the qdartz directly melt into the melt 3. The other 

J 

source id that carbon monoxide is generated in an interface 
4 between the lirnsr 2 and the support body 1. By the 



.::bon gas phase becomes possible to move 



by-produqt the ca 

i 

into the line It. 

Fig.; 2 is a iectaonal view of a crucible consituted by 
one sheet of silicon -nitride according to the invention. 
The cruciible 11 mjulded from one sheet of component eliminates 

generating impurities, which are explained 
contacts only high-purity silicon nitride, 
in possible preparation of silicon nitride 
The crucible 11 includes impurities 
atomic percent (and ideally a value far 



the two clauses of 
above. A melt 12 
thereby resulting 
of a higher pur it} 
preferably of 0.0} 



less than; 0.01% atom,, for example 0.0001 atomic percent). 

The important merit of silicon nitride components is that 
self-suppbrting tvpe (other support bodies are not needed) 
even undet high temperature. Therefore it unnecessary to use 
any graphfte-const ituted component as a support body. Such 
being thejcase, the silicon nitride components moulded accord- 
ing to th£ invention are usable not only for crucibles but 
also for insulating materials in a reaction chamber and for 
other heat-resista|nt parts such as piping system used under 

Resistant heating elements by themselves 
of impurities, so that desirably instead 
of resistant heating inductive heating is used. 

The second important difference is that it is possible to 
lot containing oxygen. In case a quartz 



high temperatures 
cause introduction 



use an atmosphere 



probability that ir 



in silicon; may no 3 
accurate action of 
known , and : it will 
effect forj carrying 
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liner is uLed the quartz itself causes oxygen to generate, 

so that it! is impossible that oxygen is not included. In 

S 

the silicoh materials currently usable it is considered 
that the concentration of oxygen included by the CZ method 
is desirable because this oxygen induces the current gettering 
step of improving the material . quality . However, there is a 



future other gettering mechanisms are 



adopted, and dislocation caused by precipitation of oxygen 



onger be desirable. Particularly, the 
nitrogen decomposed in silicon is not yet 
be proved to have the same preferable 
out the gettering. 
The first merijt of the method for pulling up crystals 
not containing oxygen lies in that since the concentration of 
the donner, of oxygen is lowered it is capable of pulling up 



silicon with highe 
The other spec 



withour using oxygen, which is described in the present inven- 



tion, is that the 



In the ordinary steps an effective partial pressure of SiO is 
present inj the reaction chamber, but in the present invention 



i 



chambwer ojf pullinc 
possible phlling, s 
of all , thfe donner 



resistance value, 
ific merit of crystal pulling-up system 



ulling-up can be effected in vacuum state. 



e is defined by silicon gas or alloys like 
lling-up is performed under pressure of 



the maximum pressuii 
SiZN. Thub, the pi .1 
milli torrj unit. 

Thus,! due to tlhe advantage of making the inside of the 
-up crystals a high vacuum state for 
ome preferable results are obtained. First 
concentration of oxygen is further reduced. 



Then, it its possible to further improve the purity of the melt 
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by the evaporation of the impurities. Further, the transfer 
of heat by ; convection becomes no problematic so that it becomes 
capable of | controlling the temperature precisely. Furthermore, 
it 'is possible that the impurities are prevented from gassifi- 
cation for j entry into the melt. 

In ani case, by retaining the nitrogen temperature in a 

i 

supersaturated state initially so that the silicon nitride 
fine particles may be arranged in the crystal silicon material, 
the strength of silicon of semiconductors or the like can be 
very enhanced. Thus, even only for this reasoning it is 
presently honsidered that the crystal silicon material is 
effective jover ' a broad range. Thus, according to the present 
invention jit is possible to easily grow silicon crystals in- 

i 

eluding oxjygen with concentration in a uniform and saturated 

r 

state. Tbje silicon nitride crucibles moulded according to 
the preserjt method are structurally provided with a considera- 
ble number! of pores, but the silicon melt does not pass through 
the pores j Practically, generally, even in Examples selective- 
ly capablj of manufacturing every kinds of silicon nitride 
components according to the invention, the moulded nitride 
component? are exposed to the silicon melt, and therefore the 
molten silicon is to fill the pores of said components at least 
up to the surface of the components. 

Further, the nitride crucibles moulded according to the 
invention are usable for growing other high-purity materials 
by the CZj method, and they are effective based on the reason- 
ing almosjt same as in the case of silicon. That is, the 
impurities introducable by the crystal growing method following 
the present invention are only silicon and nitrogen, and in 



i 



almost all materials they both are impurities not giveing 
affection. 

It is considered based on the description of Examples 
shown above that the present method can be modified and 
varied in various ways without derailing from the purport 
and idea! of the invention. 
4. Brief Description of the Drawings: 

Fig* 1 is a sectional view of a typical crucible and 
a liner according to known technique; and 

i 

Figi 2 is a schematic sectional view of the crucible 

according to the invention. 

i 

In the drawings: 

I. . . Supprt body 
2. . i Liner 

i 

3, 12. . .Silicon melts 
4. . % Interface 

i 

II. j. .Crucible 
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